Abstract. The LCL filters are being more and more preferred over the L filter due to the smaller physical size and better harmonic attenuation characteristics. However, additional control loops are often required to control inverter-side current as well as capacitor voltage. These additional control loops complicate the controller design process. To overcome such a limitation, an improved current control scheme in which the controller design is accomplished based on the state-space model of inverter system is proposed for an LCL filtered grid-connected inverter. Furthermore, to reduce the steady-state error in output currents, an integral feedback controller is employed. Generally, all state variables should be available to implement a state feedback controller. For the purpose of reducing the number of sensors, an observer which uses the measured grid-side currents, grid voltages, and control inputs is constructed to predict the inverter-side currents and capacitor voltages. As a result of using both the feedback controller and the observer, the proposed control scheme provides a better control performance in a systematic design approach. Simulation results are given to demonstrate the excellent performance of the proposed control scheme.
Introduction
Recently, grid-connected inverters have drawn increasing attentions from academia due to the growth of distributed power generation system using renewable energy. The key aspect of utilizing a grid-connected inverter is to ensure the high quality of injected power with minimum implementation cost. For the purpose of connecting the inverter with the grid, LCL filters are more preferred over the L filter due to the smaller physical size and better harmonic attenuation characteristics [1] .
To control the inverter, the proportional-integral (PI) decoupling control with the grid voltage feed forward is commonly used because of its simplicity and stability [2] . However, the conventional PI decoupling controller does not give proper performance in the inverter system having LCL filters. To deal with this problem, indirect current control has been proposed in [3] . Even though this control scheme can ensure the high quality of injected current, its structure is more complex and the design process is not straightforward. Moreover, to accomplish this control scheme, additional sensors such as the capacitor voltage sensors and inverter-side current sensors are required. As another approach to improve the current quality, a double closed-loop controller based on the combined state feedback has been presented [4] . However, this control scheme also requires the sensor to monitor system states.
To overcome the previously mentioned difficulties, this paper proposes a state feedback control scheme using the estimated states by observer. In order to reduce the number of sensors, an observer estimates both the inverter-side currents and capacitor voltages by using the measured grid-side currents, grid voltages, and control inputs. In addition, an integral feedback controller is used to reduce the steady-state error in output currents. The effectiveness of the proposed scheme is confirmed through simulation results. Figure 1 shows the circuit diagram of a three-phase grid-connected inverter which is connected to the grid through an LCL-filter. The parameters of the inverter system are given in Table 1 . The continuous-time description of a three-phase inverter connected to the grid through LCL filters can be given in the synchronous reference frame as
Modeling of LCL-filtered Inverter
where [ ] 
The state feedback controller can be constructed by feeding back the system states as
where K and K i are the gain vectors which can be systematically evaluated using the pole placement method. It is worth mentioning that the feedback controller in Eq. 5 requires the measurements of all the system sates. To avoid this requirement, a state observer is employed. The state equation of the observer to estimate the full states can be given as
where
and G is the observer gain matrix. The observer gain matrix G can be also obtained using the pole placement method to place the observer poles to desired location. The overall block diagram of the proposed control scheme is shown in Figure 2 . 
Simulation Result
To evaluate the performance of the proposed control scheme, the simulations have been carried out using the PSIM software. Figure 3 shows the simulation results of three-phase grid-side currents and inverter-side currents. Figure 4(a) shows the output tracking performance of the grid-side currents at the synchronous reference frame (SRF). 
Summary
To effectively enhance the power quality of distributed power generation system, this paper has presented an observer-based state feedback control scheme of an LCL-filtered grid-connected inverter. For the purpose of reducing the number of sensors, an observer which uses the measured grid-side currents, grid voltages, and control inputs is constructed to predict the inverter-side currents and capacitor voltages. As a result of using both the feedback controller and the observer, the proposed control scheme provides a better control performance in a systematic design approach. The simulation results have been given to demonstrate a significant improvement in terms of current quality in comparison to the conventional controller.
